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(54) THIENOPYRIMIDINE DERIVATIVES AND THEIR USE AS 

PESTICIDES 

(71) We, IMPERIAL CHEMICAL INDUSTRIES LIMITED, Imperial 
Chemical House, Millbank, London SW1P 3JF, a British Company, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
statement:— 



This invention relates to methods of combating pests, especially fungal, viral and 
bacterial infections of plants, and insert pests, by the use of certain thienopyrimidine 
derivatives; and to plant anti-fungal, anti-viral and anti-bacterial compositions; and to 
insecticidal and plant growth promoting compositions and to certain novel, specific, 
thienopyrimidine derivatives, and processes for making them. 

The invention provides a process for combating fungal, viral and bacterial diseases 
of plants which comprises applying to plants, or their locus, a thienopyrimidine deriva- 
tive of the general fonnula: 
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Fonnula I 



15 and wherein R 1 is straight or branched chain alkyi containing from 3 to 11 carbon 15 
atoms and optionally substituted with cyano or methoxy, cycloalkyl, benzyl optionally 
substituted on the a carbon atom with a lower alkyi group or in the ring with one or 
more alkoxy groups or halogen atoms, dimethylamino, phenylethyl optionally substituted 
at the «- or ^-carbon atom with a lower alkyi group or on the phenyl ring with one or 

M more methoxy groups or chlorine or fluorine atoms, tetrahydrofurftiryl, furfuryl; R* is 20 
hydrogen or NH 2 ; or R 1 and R 3 together form a carbon chain bridging group option- 
ally saturated and optionally containing one or more nitrogen atoms; R 2 is hydrogen, 
methyl, ethyl, hydrazino or chlorine; R 3 is hydrogen or methyl; and R ft is hydrogen, 
methyl or acetylamino; or an optical isomer thereof; or a tautomer thereof: or a salt 

z *> thereof. 25 
By the term "lower alkyi group" is intended alkyi groups containing from 1 to 4 
carbon atoms. " 

In a preferred aspect the invention provides a process as described above and 
wherein the thienopyrimidine has the general fonnula given above (fonnula I) 
™ W ^ in R2 is H ' hd °S en > methyl, ethyl or hydrazino; R 3 is hydrogen or amino; 30 
R and R 6 are hydrogen or methyl, and R 1 is a straight or branched chain alkyi group 
optionally substituted with cyano or methoxy and containing from 3 to 11 carbon 
atoms, or a phenylmethyl or phenylethyl group optionally substituted at the a- or 
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^-carbon atom with a lower alkyi group or on the phenyl ring with one or more 
methoxy groups or chlorine or fluorine atoms; or an optical isomer thereof; or a 
tautomer thereof; or a salt thereof. 

In a more preferred aspect the invention provides a process as described above 
and wherein the thienopyrimidine derivatives has the general formula given above 5 
(formula I) and wherein R 2 is hydrogen, chlorine or methyl; R 3 is hydrogen; R a is 
hydrogen or methyl; R* is hydrogen; and R 1 is a straight or branched chain alkyi 
radical containing from 3 to 11 carbon atoms, or an a-alkyi substituted benzyl radical 
optionally substituted on the phenyl ring with halogen and containing up to 8 carbon 
atoms; or an optical isomer thereof; or a tautomer thereof; or a salt thereof. 10 

In a particularly preferred aspect the invention provides a process for combating 
fungal diseases of plants which comprises applying to plants, or to their locus, a 
thienopyrimidine derivative of the general formula given above (formula I) and 
wherein R 2 , R*, R 5 and R s are hydrogen and R 1 is a straight or branched chain alkyi 
group containing from 3 to 8 carbon atoms, or is an a-alkyi substituted benzyl group; 15 
or an optical isomer thereof; or a tautomer thereof; or a salt thereof. Especially pre- 
ferred thienopyrimidines for the foregoing process are those wherein R 1 is a branched 
chain alkyi group or an a-methyl substituted benzyl group. 

The invention further provides thienopyrimidine derivatives; optical isomers 
thereof; tautomers thereof; and salts thereof as defined in any of the preceding four 20 
paragraphs. 

The invention further provides a process for regulating the growth of plants 
which comprises applying to plants, or to the locus of plants, a thienopyrimidine 
derivative as defined in any of the preceding paragraphs. 

In a further aspect the invention provides plant anti-fungal, anti-viral, and anti- 25 
bacterial and insecticidal compositions comprising as an active ingredient a thieno- 
pyrimidine derivative, or an optical isomer or a salt thereof, as defined in any of the 
preceding peragraphs; together with a carrier for the active ingredient; and optionally, 
a surface-agent. 

Specific examples of thienopyrimidine derivatives according to the invention are 30 
set forth in Table I wherein the substituents R 1 , R a , R 5 , R 5 and R 6 refer to the sub- 
stituents in the general formula: 




wherein the numbering of the ring atoms is as shown by the numbers inside the rings. 

The invention includes all those specific, novel, chemical compounds listed in Table I 35 

hereinafter. 
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The thienopyrimidine derivatives, and compositions containing them, are variously 
active against many fungal pathogens of plants and seeds including, for example, 
Phycomycetes, Ascomycetes, Basidiomycetes, and Fungi Imperfecti. The following . 
diseases are specifically mentioned by way of example: 
5 Erysipke gramirris (powdery mildew) on wheat and barley. 5 
Botrytis cinerea (grey-mould) on tomatoes, vines, strawberries and other crops 
Venturia inaequdis (scab) on apples. 

Puccima recondita (rust) and other Puccinia species on cereals, and rusts on coffee 
and other hosts. 

10 Pkytophthora i?tfestans (late blight) on tomatoes and potatoes. 10 

Plasmopara viticola (downy mildew) on vines. 

Uncintda necator (powdery mildew) on vines. 

Piricularia oryzae (blast) on rice. 

Podosphaera leucotricha (mildew) on apples. 
15 The thienopyrimidine derivatives and compositions containing them also display 15 

properties influencing and regulating the growth of plants, and the present invention 

includes their deployment for this purpose. 

The thienopyrimidine derivatives may be used as fungicides, viricides, bactericides 

or insecticides alone, but are preferably incorporated in compositions comprising a 
20 diluent in addition to the thienopyrimidine derivative. 20 
For the control of both fungal, viral and bacterial infections of plants, the rate 

at which the thienopyrirnidine compounds of the invention are applied will vary, 

depending upon the particular compound chosen for use, the disease to be controlled 

and on the particular species of plant acting as host to the disease. 
25 In carrying the invention process into practical effect the growing crops, plants, 25 

seeds, or soil may be treated by any of the well-known and established procedures 

used in agriculture and crop protection. Thus, for example, the active compound may 

be applied as solids, e.g. powders or granules, or as liquids, e.g. solutions, dispersions, 

emulsions and these may comprise, in addition to the active substance, any other 
30 adjuvant, for example stickers, adjuvants specifically useful for formulation purposes, 30 

or any other biologically active substance, for example to increase the number of 

diseases combated, or having other desirable properties. 

Such solid or liquid substances and formulations may be applied, for example, 

by any conventional technique, for example, by dusting, or otherwise applying the 
35 solid substances and formulations to the surfaces of growing crops, harvested produce, 35 

plants, seeds or soil, or to any part, or combination of parts thereof, or, for example, 

by applying liquids or solutions, for example, by dipping, spraying, mist-blowing or 

soaking techniques. 

The invention process is therefore useful for treating plants, seeds, harvested 
40 fruits, vegetables, or cut flowers infested with, or liable to infestation with any of the 40 
aforementioned specific fungal or bacterial diseases. 

The term "seeds" is intended to include propagative plant forms generally and 
therefore includes, for example, cut stems, conns, tubers, rhizomes and the like. 

As previously noted the thienopyrimidine derivatives are preferably used in ad- 
45 mixture with a solid or liquid diluent. The admixtures so obtained are hereinafter 45 
referred to as compositions. Preferably the compositions comprise a surface active- 
agent. 

The solid compositions may be, for example, in the form of dusting powders, or 
may take the form of granules. Suitable solid diluents include, for example, kaolin, 
50 bentonite, kieselguhr, dolomite, calcium carbonate, talc, powdered magnesia and 50 
Fuller's earth. 

Solid compositions may also be in the form of dispersible powders or grains 
comprising, in addition to the active ingredient, a wetting agent to facilitate the dis- 
persion of the powder or grains in liquids. Such powders or grains may include fillers, 
55 suspending agents and the like. 55 
Liquid compositions include aqueous solutions, dispersions and emulsions contain- 
ing the active ingredient preferably in the presence of one or more surface-active 
agents. Water or organic liquids may be used to prepare solutions, dispersions, or 
emulsions of the active ingredient. The liquid compositions of the invention may also ' 
60 contain one or more corrosion inhibitors for example, lauryl isoquinolinium bromide. 60 
Surface-active agents may be of the cationic, anionic or non-ionic type. Suitable 
agents of the cationic type include, for example, cetyltrimethyl ammonium bromide. 
Suitable agents of the anionic type include, for example, soaps, salts of aliphatic mono- 
esters of sulphuric acid, for example, sodium lauryl sulphate; and salts of sulphonated 
65 aromatic compounds, for example, dodecylbenzenesulphonate, sodium, calcium and 65 
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ammonium hgnosulphonate, butylnaphthalene sulphonate, and a mixture of the sodium 
salts of dnsopropyl- and t thiisopropyl-naphthalenesulphomc acid. Suitable agents of the 
ES^F!* m( ^ Ude, f ° r , exam P ,e . the condensation products of ethylene oxide with 
fatty alcohols such as oleyl alcohol and cetyl alcohol, or with alkyl phenols such as 
octyi-phenol, nonylphenol and octylcresol. Other non-ionic agents are the partial esters s 
derived from long chain fatty acids and hexitol anhydrides, for example, sorbitol 

S°S£i a eShins e COTdenSati0n Pr ° dUCtS ° f Jd «« ^ ^ 

. ^ compositions which are to be used in the form of aqueous solutions, discer- 
ns n^r^ 310115 ^ gene . rall y "Wl" » the form of a concentrate comahE^ i 0 
te°™ n of ^ active ingredient, the concentrate being diluted with water 
Sw-Sc 7 f f C are usually required to withstand storage for prolonged 

SZL ™ ft ^- ^ ?°? ge t °. be "P 3016 of ^ution with water m orde? to fS 
to ^ T 0nS WlU * re , main hom °S en <™ for a sufficient time to enable them 

to be applied by conventional spray equipment. In general concentrates mav con- 15 
veniently contain from 10 to 85% and preferably from 25 to 60y!1S we^t of active 

a m !SuS ota Snn ***** T^* * 4 «-W^«S2SK5S 

a solution of a thienopynmidine denvative, as defined above, in an organic solvent 
^ rface - a f ve W- When «q«i«d for use, the concentrate Sn readfly 
be dispersed in water by agitation to provide a dilute emulsion suitable for snravuie ?n 
£i ?reparatI0, l S ready f0r 5" ^ c ° n tain varying amounts of tie active LgSf 
depending upon the purpose for which they are to be used; however ■ dState£™£ 

«J*? * beunderstood that the pesticidal compositions used in this mventionmav 
^atlSr tmenopyrimidine derivatives, one or 2KE 25 

The invention is illustrated, but not limited, by the following Exanmles in which 
degrees of temperature signified by ° are expressed in degreS ffl? l£mpfi 
30 L J, if a ' Cd o r ° pr0C&S ?f , f0r *•» Pteparation of th^opyrmSe derive? 

_ . _ EXAMPLE 1. 

This Example illustrates the preparation of compound nos. 1 10 of Table 1 

1C . J\ mixture of an optionally substituted 2-amino-3-cyanothiophene (2.48 e) and 

35 methylorthoformate (50 ml) was refluxed for four hours, then excess rater removed 
m vacuo. The residue was treated with a solution of an amine (excess) in ethanol, 
sturca overnight at room temperature, evaporated to dryness, then dissolved in di- 
metoylformamide (50 ml) containing methanol* sodium methoxide (1 ml from 
40 SSnS'Sr* 5 ' I S °^ d u n was J stirred . f° r onc hour at 85—95°, evaporated in vacua, 

SKJ^ 3nd thC P l° duCt either t^ 0 ^ bv 6111311011 ot extracted into 40 
cnloroform. Melting-points are shown in Table 1. 

Certain examples (e.g. Compound Nos. 7 and 8) give mixtures of endo- and 

exo-alkylated products under standard conditions but further isomerization to the 

desired exo-isomer can be achieved by more vigorous methoxide treatment. In other 

^ cases the alkoxide treatment can be omitted. 



10 



15 



20 



25 



35 



45 



50 



_ . EXAMPLE 2. 

of Table f X ample mustrates the preparation of Compound nos. 4, 12, 29, 96 and 101 

50 — . t mi f Ure of 2 -^o-3-cyanothiophene (30 g) and a triethylortnoester (90 ml) 
was heated on a steam bath for 90 minutes, evaporated and distilled to give the 2- 

etooxymethyIeneamino-3-cyanothiophene (e.g. 2— H, 37.4 k, m o 38° bo 104 9°/ 

0.05 mm; 2-CH„ 40.0 g, b.p. 78-82^/0.01 mm) The' wro^te ^dWwa^ 
treated with an amine or hydrazine (see Example 7), anhydrous sodium acetate and 

55 SL"; ' d / B nd u *e mmure heated (90_150«) until reaction complete (e.g. 30 

Sm^LSnS 1111X0116 7? C00led ' diluted ^th ^ter -and the product 55 

T hy.^trat 10 ^ or extracted into a solvent (e.g. ether). Following n£rystal- 
hsation from a suitable solvent, the products had meltinf-points as shown m Table l. 

EXAMPLE 3. 

60 i m fd^f^f le ^ 1 HS 5tI !i? S v the P rc P ara tion of 4-isopropylaminothieno [2,3-d] pyr- 

Hnd 2 } y m altemative P roc ed"re to that described in Example 60 



16 



1,570,494 ^ 16 



A mixture of sodium hydride (0.64 g, 100%), 4-aminothieno [23-d] pyrimidine 
(3.5 g) and dry dimethyl form amide (25 ml) was stirred for fifteen minutes at K20°, 
then treated with 2-iodopropane (3.5 ml). After stirring at <20° for ninety minutes, 
the reaction mixture was diluted with water and cooled in ice. The precipitate was 
5 washed with water, dried and recrystailised from acetonitrile to give the title compound 5 

(1.4g,m.p.225— 6°). 

EXAMPLE 4. 

This Example illustrates the preparation of a number of 4-aminothieno [23-d] 
pyrimidines by an alternative procedure to those described in Examples 1, 2 and 3. 

10 By this procedure -compounds nos. 1, 2, 4, and 11—84, 86, 96—99, 102—107, 109, 10 

110, 112—114, 116—117, 119-^122, 126, 128, 131—132, 137, 140—143, 144—147, 
148—151 were prepared. 

A mixture of an appropriately substituted 4-chlorothieno [2,3-d] pyrimidine and 
either a primary or secondary amine*, neat or together with a solvent (e.g. a lower 

15 alcohol, particularly ethanol), was allowed to react for one-half to twenty hours at 15 

20°C to 160°C depending on the nature of the reagents. It was then diluted with 
water** and the product either removed by filtration or extracted into chloroform. 
Melting-points (after recrystallisation, or reprecipitation from add) or boiling-points 
(bulb-tube distillation, bath temperature; shown in brackets) are shown in Table 1. 

20 EXAMPLE 5. 20 

This Example illustrates the preparation of several 4-hydrazinothieno [2,3-d] 
pyrimidines according to the invention (Compound Nos. 85 and 138, Table 1). 

The appropriate 4-chloro derivative was treated with hydrazine or a monosubsti- 
tuted derivative thereof, basically as described for amines in Example 4. Whilst only 
25 one product can be obtained in the case of hydrazine itself, substituted hydrazines 25 
could react on either nitrogen atom. In practice, reaction only at the more substituted 
position is observed. Melting-points are given in Table 1. 

1,1-Disubstituted hydrazines react abnormally under these conditions. Thus, fol- 
lowing reaction at the more substituted nitrogen atom, loss of either an alkyl group 
30 (1,1-dimethylhydrazine giving Compound No. 85 or an amino group can occur. 30 

Alternative conditions leading to products containing the NHNR 2 moeity are described 
in Example 6. 

EXAMPLE 6. 

This Example describes the preparation of an hydrazinium chloride (Compound 
35 No. 100) and its rearrangement to an hydrazine (Compound No. 101). 35 

4-Chlorothieno [2,3-d] pyrimidine (10 g) was added to an ice-cooled mixture of 
1,1-dimethylhydrazine (9 ml) and acetonitrile (150 ml). The reaction mixture was 
allowed to stir at room temperature for 2£ hours, and the precipitate filtered off, 
washed with acetonitrile and ether. The product (11.7 g, mup. 124°) is Compound 
40 No. 100 of Table 1. 40 

A mixture of Compound No. 100 (5.0 g, prepared as described above), 1,5- 
diazabicyclo [4.3.0] non-5-ene (6 g) and acetonitrile (50 ml) was refluxed for one 
hour, evaporated and the residue partitioned between chloroform and ammonium 
chloride solution. The chloroform layer was washed, dried and evaporated and the 
45 residue washed with petrol, then recrystailised from acetonitrile to give Compound No. 45 
101 (2.48 g,m.p.l'57°). 

Compound No. 101 can also be prepared by the method described in Example 2, 
using 1,1-dimethylhydrazine in place of the amine. 

EXAMPLE 7. 

50 This Example describes the preparation of 6-acetylarnino-4-isopropylaminothieno 

[2,3-d] pyrimidine having the structural formula: 



* The amine must either be used in excess (>2 equivalents) or in the presence of 
at least one equivalent of a base e.g. triethylamine. Where the amine was available 
only as a hydrochloride, the mixture comprised the chloro compound (1 equiva- 
lent), amine hydrochloride (2 equivalents), ION aqueous sodium hydroxide solution 
(2 equivalents) and ethanol. 

** In some cases, neutralisation with carbon dioxide at this stage is preferable. 
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NHCH(CH 3 ) 2 




CH 3 CONH 

Compound No. 108 

A mixture of the Compound 4 - isopropylamino - 6 - nitrothieno[2,3 - d]pyr- 
imidine (3.0 g, prepared as described below), activated iron powder (4.8 g, prepared 
from zinc and ferrous sulphate), acetic anhydride (12 ml) and acetic acid (60 ml) 
5 was heated at 85° for 4 hours, cooled and poured into water. The precipitate was 5 
filtered off, dried and recrystallised from acetonitrile to give the title compound (1.37 
g, m.p. 319°). 

A mixture of 4-isopropylaminothieno [2,3-d] pyrimidine (4.0 g, prepared as 
described in Example 4) and concentrated sulphuric acid (20 ml) was cooled to 0°C 

10 and treated dropwise with a mixture of concentrated nitric acid (2.2 ml) and concen- 10 
trated sulphuric acid (2.0 ml) whilst maintaining the temperature below 12°C. The 
mixture was allowed to stand at room temperature for a further 1 hour, poured into 
ice-water and neutralised with sodium carbonate. The precipitate was filtered off, 
washed with water and dried to give 4 - isopropylamino - 6 - nitrothieno r2,3«dl ovr- 

15 imidine (4.58 g, m.p. 200°). 15 

EXAMPLE 8. 

This Example illustrates the preparation of several 4-amino-2-chlorothieno [2,3-d] 
pyrimidines according to the invention. By this procedure Compound Nos. 87 to 93, 
1 1 1, 1 15 and 118 of Table 1 were prepared. 

20 A mixture of 2«ammo-3-carbonamidothiophene (100 g), sodium carbonate (106 20 

g), ethyl chloroformate (140 ml) and ethanol (1.5 1) was heated at 40° for twenty 
minutes, filtered and poured into water (5 1) to give, after drying, 3-carbonamido-3- 
ethoxycarbonylaminothiophene (48.3 g, m.p. 195°). This material (45 g) was sus- 
pended in a solution of sodium carbonate (90 g) in water (900 ml), heated for two 
hours at 100°, cooled and acidified with hydrochloric acid to give 1,2,3,4-tetrahydro- 25 
thieno [2,3-d] pyrimidin-2,4-dione (30 g, m.p.>300°). This material (45.0 g) was 
added slowly to phosphorus oxychloride (320 ml), followed by pyridine (45 ml), and 
the mixture refluxed for one hour. Excess phosphorus oxychloride was removed in 
vacuo, the residue poured, with stirring, into ice-water then extracted with chloroform. 
The extracts were evaporated to give 2,4-dichlorothieno [2,3-d] pyrimidine (34.2 g). 30 
After recrystallisation from petroleum (b.p. 80— 100°C), this had m.p. 116°. 

A mixture of this material and excess primary or secondary amine, either neat 
or together with a solvent, was allowed to react at room temperature for ten minutes. 
It was then diluted with water* and the product either removed by filtration or 

^ extracted with chloroform. Melting-points, after recrystallisation from a suitable 35 

solvent, are shown in Table 1. 

EXAMPLE 9. 

This Example illustrates the preparation of 2-hydrazmo-4-isopropylaminothieno 
[2,3-d] pyrimidine (compound no. 94 of Table 1). 
40 2-chloro-4-isopropylaminothieno [2,3-d] pyrimidine, prepared as described in 40 

Example 8, was treated with the reagents as shown in Table 2 to give the required 
derivative. 

TABLE 2 



Compound No, 
(of Table 1) 


Reaction Conditions (from Compound No, 87 of Table 1) 


94 


hydrazine hydrate, ethanol, reflux 



* In some cases, neutralisation with carbon dioxide at this state is preferable. 
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EXAMPLE 10. 

This Example illustrates the preparation of a number of salts of several 4-amino- 
thieno [2,3-d] pyrimidmes 3 having Compound Nos. 95, 123—125, 127, 129 — 130, 
133—136 and 139. 

5 A mixture of the appropriate 4-amino derivative and excess organic or inorganic 5 

acid, either neat or in aqueous solution, was stirred, with heating if necessary, to give 
a homogeneous solution. The product was obtained either by cooling and filtering or 
evaporation to dryness. Melting-points, following recrystallisation are shown in Table 1. 

EXAMPLE 11. 

10 An emulsifiable concentrate was made up by mixing together the ingredients set 10 

out below in the proportions stated and stirring the mixture until all the constituents 
were dissolved. 

Compound No. 4 of Table 1 10% 
Ethylene Dichloride 40% 
15 Calcium dodecylbenzenesulphonate 5% 15 

"Lubrol" L 10% 
"Aromasol" H 35% 

EXAMPLE 12. 

A composition in the form of grains readily dispersible in a liquid, e.g. water, 
20 was prepared by grinding together the first three of the ingredients listed below in the 20 
presence of added water and then mixing in the sodium acetate. The resultant mixture 
was dried and passed through a British Standard mesh sieve, size 44—100, to obtain 
the desired size of grains. 

Compound No. 6 of Table 1 50% 
25 "Disperse-!" T 25% 25 

"Lubrol" APN 5 1.5% 

Sodium Acetate 23.5% 

EXAMPLE 13. 

The ingredients listed below were all ground together in the proportions stated 
30 to produce a powder formulation readily dispersible in liquids. 30 

Compound No. 7 of Table 1 45% 
"Dispersol" T 5% 
"Lissapol" NX 0.5% 
"Celiofas" B600 2% 

35 Sodium acetate 47.5% 35 

EXAMPLE 14. 

The active ingredient (Compound No. 8 of Table 1) was dissolved in a solvent 
and the resultant liquid was sprayed on to the granules of Fuller's earth. The solvent 
was then allowed to evaporate to produce a granular composition. 

Compound No. 8 of Table 1 5% 40 

Fuller's earth of China clay granules 95% 

EXAMPLE 15. 

A dusting powder was prepared by mixing, in the proportions stated, the active 
ingredient with talc. 

Compound No. 22 of Table 1 5% 45 

Talc 95% 

EXAMPLE 16. 

A Col formulation was prepared by baH-rniiling the constituents set out below 
and then forming an aqueous suspension of the ground mixture with water. 

Compound No. 29 of Table 1 40% 50 

"Dispersol" T 10% 

"Lubrinol" APN5 1% 

Water 49% 



40 
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50 
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EXAMPLE 17. 

A dispersible powder formulation was made by mixing together the ingredients 
set out below and then grinding the mixture until all the constituents were thoroughly 
mixed. 

Compound No. 6 of Table 1 25°/ 
"Aerosol" OT/B 2°/ 
"DispersoP A.C. 5% 
China Clay 28% 
Silica 40% 

_ . EXAMPLE 18. 

This example illustrates the preparation of a dispersible powder formulation. In 
each instance all the ingredients are mixed in the proportions stated and the mixture 
then ground in a comminution mill. 

Compound No. 74 of Table 1 25°/ 
•TERMINAL" BX \y 

"DispersoP T 5 y 

Polyvinylpyrrolidone 10% 

Silica 23 V 

China Clay 34% 

. . EXAMPLE 19. 

The mgredients set out below were formulated into a dispersible powder bv 
mixing and grinding the ingredients in the proportions stated 7 

Compound No. 80 of Table 1 25°/ 

"AEROSOL" OT/B 2°/ 

"DispersoP A 50/ 

China Clay 68 % 

Exactly the same formulations as set out in Examples 21 to 29 were prepared 
using the remaining Compounds of Table 1. ^ 

$l E f a i? ples 11 to 19 above P ercenta g e amounts are on a weight basis. 
The following constitutes an explanation of the compositions or substances repre- 
EWplS Vanous Trade Marks and Trade Names referred to in the foregoing 

"LUBROL" L is a condensate of 1 mole of nonyl phenol with 13 molar proportions 

or ethylene oxide. 
^AROMASOL" H is a solvent mixture of alkylbenzenes. 

DISPERSOL" T AND AC is a mixture of sodium sulphate and a condensate of 
"tttrp^t^ 7™ W i* sodium sa,t of naphthalene sulphonic acid. 
LUJJKOL APN 5 is a condensate of 1 mole of nonyl phenol with 5* moles of 
naphthalene oxide. 

«??H'PJ ! w'-3J 00 is 3 sodium carboxymethyl cellulose thickener. 

oxide condensate of 1 mole of nonyl phenol with 8 moles of ethylene 

"AEROSOL" OT/B is dioctyl sodium sulphosuccinate. 
PERMINAL" BX is an alkyl naphthalene sulphonate (sodium salt). 

, J EXAMPLE 20. 

„f tJ- he compounds and compositions of the invention were tested against a variety 
*V£L &m8al ^ SeaSe ° f pla . nts< techni ^ e employed is to spray the foliage of 
ISiSu! maximum retention with a solution or suspension of die test compound 
and also to apply the same to the roots of the plant via the soil to a final concentration 
equivalent, approxunately, to 40 p.p.m. of the compound in the dry so? Spray" 
formulations onto cereals contain 0.1% of a surface active agent. P 7 

inn ™ 0 ; Utl0n Mr r sus P Ensions /°f spraying and application to the soil contained 
100 parts per million (p.pjn.) of the test compound, and the plants were grown in 
potting compost in pots of 4 cm diameter. H 

.? h <: P ] ants were infected with the disease it was desired to control before or after 
application of the chemical and after a period of days, depending upon the particular 
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Grading 

0 
1 
2 
3 
4 



Percentage Amount of Disease 



61 to 
26 to 
6 to 
0 to 
0 



100 
60 
25 
5 



In Table 3 below, the disease is given in the first column, whilst in the second 
column is given the time which elapsed between infecting the plants and assessing the 
amount of disease. The third column assigns to each disease a code letter, these code 
letters being used in Table 4 to identify the diseases. 



20 



disease, the extent of the disease was visually assessed. 

The results are given in Table 4 below, in die form of a grading as follows: 



10 



TABLE 3 



Disease and Plant 


Time Interval 
(Days) 


Disease Code Letter 
(Table No, 4) 


(1) Puccinia recondita 
(wheat) 


10 ! 


A 


(2) Phytophthora infestans 
(tomato) 


3 


B 


(3) Plasmopara viticola 
(vine) 


7 


C 


(4) Piricularia oryzae 
(rice) 


7 


D 


(5) Botrytis cinerea 
(tomato) 


3 


E 


(6) Erysiphe graminis 
(barley) 


7 


F 



1,570,494 
TABLE 4 



Compound No, 


DISEASE CODE LETTER 


A 


D 




r\ 
U 


b 


r 


i 

1 


1 


1 
1 


i 
1 


n 


3 


1 


2 


0 


4 


0 


0 




1 


3 


2 


3 


0 


2 




4 


4 


4 


4 




3 


0 


4 


5 


1 


3 


_ 


0 


2-3 


3 


6 


4 


0 


3 


2 




2 


7 


0 


4 


2-3 


1 


0 


1 


fi 
o 


3 


0 


3 


0 


0 


2 


Q 

J 


3 


3 


3 


— 


0 


3 


in 

1U 


1 


2 


2 


0 


0 


1 


1 1 

XI 


0 


4 


2 


— 


2 


2 


1 9 


2 


4 


4 




1 


0 


1 1 


4 


2 


3 


1 


4 


2 


• 1 A 


3 


3 


— 


3 


2 


3 


1 C 
ID 


3 


4 


— 


3 


1 


2 


lO 


4 


3 


— 


3 


2 


4 


1 7 


4 


3 


0 


3 


2 


4 


1 o 


1 


4 


— 


— 


— 


— 




1 


2 


— 


— 


. — 


— 




4 


3 


1 


2 


— 


1 


91 


2 


2 


3 


0 


1 


2 


£,£. 


4 


4 


3 


1 


0 


3 


IX 


4 


4 


n 






3 


24 


3 


4 


3 




0 


3 


25 


2 


3 


1 


0 


0 


0 


26 


3 


4 


3 




1 


3 


27 


3 


4 


3 


0 


2 


2 


.28 


0 


2 


0 


1 


0 


0 
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TABLE 4 (Continued) 







DISEASE CODE 


LETTER 




Compound No, 


A 


B 


C 


D 


E 




29 


4 


4 


0 


3 


0 


4 


30 


2 


4 


3 


3 


3 


0 


31 


3 


4 


4 


3 


1 


2 


32 


1 


1 


4 


2 


1 


1 


33 


2 


4 


4 


1 


1 


0 ; 


34 


3 


4 


4 


2 


1 


3 


35 


2 


4 


4 


- 


1 


1 


36 


0 


3 


0 


2 


0 


0 


37 


1 


4 


.4 


2 


0 


2 


38 


3 


4 


3 


3 


3 


3 


39 | 


2 


0 


2 


3 


3 


3 


40 | 


2 


0 


1 


2 


2 


2 


41 


1 


4 


0 . 


- 


1 


1 


42 


3 


2 


0 


1 


0 


0 


43 


3 


3 


. 0 


- 


0 


2 


44 


3 


2 


0 


- 


0 


1 


45 


1 


0 


0 


- 


0 


0 


46 


2 


4 


3 


3 


2 




47 


2 


4 


2 


1 


2 




48 


1 


4 


0 


2 


1 


0 


49 


2 


- 


- 


3 


0 




50 


3 


1 


0 


1 


3 


0 


51 


3 


4 


3 


1 


3 


3 


52 


o 


4 


0 


2 


2 


7 
*> 


53 


1 


4 


0 


0 


2 


2 


54 


1 


0 


0 


1 


3 


0 


55 


3 


4 


0 


0 


1 


0 


56 


4 


4 


3 


1 


0 


3 
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TABLE 4 (Continued) 



Compound No, 


DISEASE CODE LETTER 


i a 


B 


C 


D 


E 


F 


57 






u 




U 


2 


58 


it 


l 


u 


2 


0 


3 


59 


1 


i 
i 


A 

u 


2 


A 
U 


3 


60 


n 






2 


0 


1 


61 


n 

u 


U 


a 
u 


1 


0 


0 


62 




1 

J 


A 


3 


0 


4 


63 




A 
*T 


n 


i 
o 


1 

1 


3 


64 


3 






1 


A 

u 


3 


65 


o 


n 

u 


u 


1 


A 
0 


0 


66 


o 






u 


A 
U 


2 


67 


2 


A 

*T 


n 

u 




A 
U 


3 


68 


o 


J 


n 

u 


n 
u 


2 


3 


69 


n 
\j 


4 




2 


0 


0 


70 


n 

\J 




i 


u 


0 


2 


71 


A 

*T 




-> 


A 

u 


2 


3 


72 




4 




3 


0 


3 


73 




4 


X 


0 


0 


1 


74 


J 


4 


1 


A 

u 


0 


1 


75 


2 


n 

\J 


n 
u 


A 
U 


0 


0 


76 


1 


& 


i 
1 


2 


0 


0 


77 


0 


A 


A 


0 


0 


3 


78 




A 
H 


3 




0 


3 


79 


3 


2 


2 


1 


3 


4 


80 


4 


4 


0 


1 


0 


4 


81 


1 


0 


0 


1 


0 


0 


82 


0 


3 


0 


0 


0 


0 


83 


1 


1 


0 


0 


0 


1 


84 


1 


2 


2 


2 


0 


1 
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TABLE 4 (Continued) 





DISEASE CODE LETTER 


Compound No. 


A 


B 


C 


D 


E 


F 


85 


1 


1 


0 


1 


0 


0 


86 


0 


0 


j 0 


1 


0 


2 


87 


3 


4 


. 


3 


0 


2 


88 


2 


3 






— 





i 89 





2 













90 


0 


2 


0 


0 


0 


2 


91 


2 


3 


3 


0 


2 


0 


92 


1 


2 


0 


2 


2 


1 


93 


2 


4 


3 


3 


3 


0 


94 


4 


4 


0 


3 


2 


1* 


95 


4 


.4 


0 


3 


2 


2 


96 


3 


3 


4 


1 


1 


3 


97 


3 


4 


0 


2 


0 


0 


98 


3 


3 


3 


1 


2 


3 


99 


3 


4 


0 


2 


2 


3 


100 


_ 


0 


3 


1 


3 


1 


101 




3 


0 


4 


2 


1 


102 




3 


3 


3 


2 


. 2 


103 




4 


3 


2 


3 


3 


104 


3 


1 


0 


0 


3 


4 


105 


3 


3 


1 


2 


2 


4 


183 


3 


1 


2 


3 


0 


2 


106 


3 


4 


3 


2 


0 


3 


! 107 


0 


1 


1 


0 


0 


0 


108 


0 


0 


0 


3 


0 


1 


109 


3 


4 


2 


0 


0 


3 


110 


0 


0 


0 


2 


0 


0 


111 


0 


4 


3 


2 


0 


0 



# 
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TABLE 4 (Continued) 



DISEASE CODE LETTER 



Compound No. 


A 


B 


C 


D 


. E 


F 


112 


3 


4 


0 


4 


o 


4 


113 


1 


4 


o 


o 


0 


o 


114 


2-3 


3 


1 


2 


1 


o 


115 


0 


0 


o 


1 


2 


o 


116 


1 


3 


o 


0 


o 


o 


117 


4 


4 


1 


2 


2 


4 


118 


2 


2 


2 


1 


o 


0 


119 


3 


4 


2 


3 


o 


2 


120 


3 


4 


2 


1 


n 


n 


121 


3 


4 


3 


0 


o 


o 


122 


2 


3 




n 

V 


n 
yj 




123 


4 


4 


o 




n 
u 




124 


4 


4 


o 


3 


o 


A 
t 


125 


4 
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TABLE 4 (Continued) 
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DISEASE CODE LETTER 


Compound No. 


A 


B 


c 


D 


E 


F 


140 


0 


3 


0 


1 


0 


3 


141 


0 


0 


1 


2 


0 


0 


142 


0 


0 


0 


3 


0 


2 


143 


0 


0 


2 


1 


0 


2 


144 


3 


0 


0 


2 


0 


0 


145 


0 


0 


0 


2 


0 


0 


146 


0 


0 


0 


0 


0 


1 


147 


0 


0 


0 


1 


0 


0 


148 


1 


3 


3 


4 


2 


1 


149 


0 


0 


1 


3 


3 


0 


150 


0 


0 


0 


3 


1 


0 


151 


0 


0 


0 


4 


1 


2 \ 



EXAMPLE 21. 

The tiiienopyrimidine derivatives were tested against a variety of foliage-borne 
bacterial plant diseases in the glasshouse. The anti-bacterial screening method em- 
ployed a mist propagator to aid infection of treated plants by providing conditions of 
high humidity. m , . 

The plants were sprayed and/or root drenched with an aqueous solution containing 
100 parts per million of the test chemical. After 48 hours they were inoculated with 
the appropriate disease organism. Inoculations were accompanied by wounding the 
plants, which was necessary for bacterial infection to take place. Immediately after- 
wards the plants were placed under high humidity. Agrimycin (17% Streptomycin 
sulphate) at 2000 p.p.m. and 100 p.p.m. was applied as a standard treatment and 
with water as a control. After eight days, the symptoms were assessed on a 0 — 4 scale 
given in the Table below, wherein the extent of the disease is given in the form of a 
grading as follows: — 



Grading 

0 
1 
2 
3 
4 



Percentage Amount of Disease 

61 to 100 
26 to 60 

6 to 25 

0 to 5 
No disease 



and the disease code of Table 5 is given below: — 
Disease and Plant 



Xanthomonas oryzae 
(bacterial blight of rice) 
Erwinia amylovora 
(fibreblight on pears) 



Disease Code 

r 

B 



1( 



1! 



21 



2 
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TABLE 5 
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DISEASE CODE LETTER 


Compound No. 


A 


5 


1 


1 


0 


| 4 


0-2 


0 


6 


2 


0-3 


7 


2 


2 


20 


0 


0-3 



_ XT EXAMPLE 22. 

m ««S 0mp0Un 7. N 2? ' f 4 ^ 5 gave activity in a test conducted against tomato 

55,^°" 8 SC3lC Similar t0 ^ ° f 15 " d 16 > 



EXAMPLE 23. 
The activity of the thienopyrimidine having the formula:— 



10 



15 



20 



25 



30 



(Compound No. 14 of Table 1) 

was tested against a variety of insect and other invertebrate pests. The compound 
was used in the form of a liquid preparation containing 0.1% by weight of the com- 
pound. The preparation was made by dissolving the compound in a mixture of solvents 
consisting of 4 parts by volume of acetone and 1 part by volume of diacetone alcohol. 
The solutions were then diluted with water containing 0.01% by weight of a wetting 
agent sold under the trade name "LISSAPOL" NX until the liquid preparations 
contained the required concentration of the compound. "Lissapol" is a Trade Mark. 

The test procedure adopted with regard to each pest was basically the same and 
comprised supporting a number of the pests on a medium which was usually a host 
plant or a foodstuff on which the pests feed, and treating either or both die pests 
and the medium with the preparations. 

The mortality of the pests was then assessed at periods usually varying from one 
to three days after the treatment. 

The results of the tests are given below in Table 6. In this Table the first column 
mdicates the name of the pest species. Each of the subsequent columns indicates the 
host plant or medium on which it was supported, the number of days which were 
allowed to elapse after the treatment before assessing the mortality of the pests, and 
the results obtained for the compound. The assessment is expressed in integers which 
range from 0—3. 

0 represents less than 30% kill 

1 represents 30—49% kill 

2 represents 50—90% kill 

3 represents over 90% kill 



10 



15 



20 
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30 
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TABLE 6 
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Pest Species 


Support 
Medium 


No. of | 
Days 


Grading 


Tetranychus telarius 
(red spider mites, adults) 


French 
Bean 


3 


3 


Aphis fabea 
(aphids) 


Broad 
Bean 


2 


3 


Megoura viceae 
(aphids) 


Broad 
Bean 


2 


3 



EXAMPLE 24. 

This Example illustrates the activity of the compounds and compositions of the 
invention against the disease apple powdery mildew, Podosphaera leucotricha; and 

5 vine powdery mildew, Uncinula necator. 

Small apple (Jonathan) and vine plants about 3 weeks old and growing in mini 
pots measuring 3 centimetres in diameter were infected by placing them in an enclosed 
space and allowing spores of the disease blown into the still space to settle upon them 
over a period of about four to six hours. 

10 Both "eradicant", "protectant" and "systemic" type tests were carried out. In 

the former the plants were inoculated with spores of the disease and then held in the 
glasshouse (apples) or a growth room (vines) under conditions conducive to disease 
development for two days before treatment, by spraying, with a solution or suspension 
of the test chemical containing 50 parts per million of the chemical. The plants were 

15 then allowed to dry over 24 hours and then returned to the glasshouse, under conditions 
conducive to disease development. 

In the "protectant" type tests the plants were sprayed first with the test chemical 
(50 p.pjn.), allowed to dry overnight in a growth room and then infected, as described 
above, on the following day with spores of the disease. 

20 In the "systemic" tests the plants in the pots were stood in 10 millilitre aliquots 

of solutions or suspensions of the test chemical (50 p.p.m.) and allowed to suck this 
up into the soil in the pots over a period of 24 to 48 hours. Four days later the plants 
were infected, as described above, with spores of the disease. 

Assessment was made of the percentage amount of disease on the leaves of the 

25 plants (8 days for apples — 9 to 10 days for vines) and the results expressed as a 
grading corresponding to a percentage range as in Example 30. 
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high humidity for 24 hours before being returned to a growth room for disease to 
develop. 

Disease is assessed approximately 7 days later as a percentage area of leaf infected, 
the result being expressed as a grading as described and set out in Example 20. 



TABLE 8 



10 



15 



20 



Compound No, 




(Table 1) 


Di^PflQf* GrnHino 


Q 

7 


2 


1 A 


4 


1 1 
I I 


4 


1 O 


3 


23 


3 


29 


4 


31 


4 


34 


4 


38 


3 


43 


4 


63 


3 


64 


4 


67 


4 


72 


4 


78 


4 


80 


4 



„ EXAMPLE 26. 

i„.„>J- ^ mpl P ^ u Jtrates die activity of the compositions and compounds of this 
invention against the following diseases:— 



Fungal Disease 



Plant Variety 

Maris Butler wheat 
Proctor Barley 
Cardinal wheat 



Erysiphe gramims tritici (Egt) 
Erysiphe gramims hordei (Egh) 
Puccinia recondita (Pr) 

Th.J"!!l PlantS fo ' this test were grown as described earlier in the preceding Examples. 
There were five plants per pot and the plants were 5 days old when sprayed witih a 
^TdTvfTT" ° f tbe „ te * £ h ? nic * L A se P arate and distinct set of^S topote 

rpTuedSrSat^ts^" 1 * ie - a solution or suspension ° f *■ « ^ 

m nii^n S n™ ti ? n * 0r K SUSpens i 0n . us ? d r ? s P ra y the P Iants contained 25 parts per 
million (p.p.m.) of the test chemical and 0.1% of a surface active aiient. TTie sorav 

p7an« PP t0 thC POhit ° f maXimum rettnti0 " of * e ^ludon by thf folia™ o?Z 
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The solution or suspension used co separately root drench other pots was applied 
as 10 millflitre aliquots per pot and again contained 25 parts per million (p.pjn.) of 
the test chemical. There were two pots (replicates) per treatment. 

In the test in which the plants were sprayed they were inoculated with spores of 
5 the disease 1 day after actual spraying. This period was 2 days for the tests in which 5 
the plants were root drenched. For the period between application of chemical and 
inoculation with the fungal pathogen the plants were kept in the room in which they 
were grown. 

In the case of the disease Puccinia recondita only, the potted plants were placed 
10 in a humidity cabinet for 1 day. 10 
Assessment was carried out after the following, tabulated, periods had elapsed 
after inoculation. 





NUMBER OF DAYS AFTER INOCULATION 


Disease 


Spray (Protectant) 


Root Drench (Systemic) 


Egt and Egh 


8 


7 




10 


9 



The plants were meanwhile kept in the greenhouse. (Minimum temperature 17° C, 
15 maximum temperature 36°C). 15 

The results are as set out in the table below, the amount of disease being 
expressed in a grading corresponding to a percentage range of leaf surface infected 
as in Example 20. 
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WHAT WE CLAIM IS:— 

1. A process for combating fungal, viral and bacterial diseases of plants which 
comprises applying to plants, or their locus, a thienopyrimidine of the general formula: 

N 



R u " R 2 

5 and wherein R 1 is straight or branched chain alkyl containing from 3 to 11 carbon 5 
atoms and optionally substituted with cyano or methoxy, cycloalkyl, benzyl optionally 
substituted on the a carbon atom with a lower alkyl group or in the ring with one or 
more alkoxy groups or halogen atoms, dimethylamino, phenylethyl optionally substituted 
at the or- or j8-carbon atom with a lower alkyl group or on the phenyl ring with one or 

10 more methoxy groups or chlorine or fluorine atoms, tetrahydrofurfuryl, furfuryl; R 3 is 10 
hydrogen or NH 2 ; or R 1 and R 3 together form a carbon chain bridging group option- 
ally saturated and optionally containing one or more nitrogen atoms; R* is hydrogen, 
methyl, ethyl, hydrazino or chlorine; R 5 is hydrogen or methyl; and R 6 is hydrogen, 
methyl or acetyiamino; or an optical isomer thereof; or a tautomer thereof; or a salt 

15 thereof. 15 

2. A process according to claim 1 wherein the thienopyrimidine has the general 
formula given in Claim 1 and wherein R 2 is H, halogen, methyl, ethyl of hydrazino; 
R 3 is hydrogen or amino; R 5 and R 8 are hydrogen or methyl, and R 1 is a straight or 
branched chain alkyl group optionally substituted with cyano or methoxy and con- 

20 taining from 3 to 11 carbon atoms, or a phenyimethyl or phenylethyl group optionally 20 
substituted at the <*- or jfr-carbon atom with a lower alkyl group or on the phenyl ring 
with one or more methoxy groups or chlorine or fluorine atoms; or an optical isomer 
thereof; or a tautomer thereof; or a salt thereof ♦ 

3. A process according to any of the preceding claims wherein the tfaienopyr- 

25 imidine derivative has the general formula given in Claim 1 wherein R 2 is hydrogen, 25 
chlorine or methyl; R 3 is hydrogen; R 5 is hydrogen or methyl; R 6 is hydrogen; and 
R 1 is a straight or branched chain alkyl radical containing from 3 to 11 carbon atoms, 
or an a-alkyl substituted benzyl radical optionally substituted on the phenyl ring with 
halogen and containing up to 8 carbon atoms; or an optical isomer thereof; or a 

30 tautomer thereof ; or a salt thereof. 30 

4. A process for combating fungal diseases of plants which comprises applying 
to plants, or to their locus, a thienopyrimidine derivative of the general formula given 
in Claim 1 and wherein R z , R 3 , R B and R a are hydrogen and R 1 is a straight or 
branched chain alkyl group containing from 3 to 8 carbon atoms, or is an a-alkyl 

35 substituted benzyl group; or an optical isomer thereof; or a tautomer thereof; or a 35 
salt thereof. 

5. A process according to Claim 4 wherein R 1 is a branched chain alkyl group or 
an <*-methyl substituted benzyl group. 

6. A pesticidal composition comprising as an active ingredient a thienopyr- 

w imidine derivative as defined in any of Claims 1 to 5. " 40 

7. Thienopyrimidine derivatives as defined in any of Claims 1 to 5, and their 
optical isomers and tautomers; and salts thereof. 

8. A process for making the thienopyrimidine derivatives defined in any of Claims 
1 to 5 which comprises 

45 {a) treating an appropriately substituted 2-amino-3 -cyanothiophene with an 45 

orthoester, or a Vilsmeier reagent (e.g. AT-iV-dimethylformamide/phosphorus 
oxychloride), then an amine and rearranging the product, if necessary, with 
a strong base such as sodium alkoxide, 

5 q ( b ) reacting a thieno [2,3-d] pyrimidine containing a labile function (e.g. halo, 

mercapto, alkylthio, alkanesulphonyl) with an amine or a salt thereof, 50 
(c) treating a 4-aminothieno [2,3-d] pyrimidine, if necessary under basic condi- 
tions, with a compound having an electrophilic centre, 
or (d) subjecting a compound prepared as described above under (a), (b) or (c) 
to further reaction for example by replacement of halogen at C 2. 
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9. A process for regulating the growth of plants which comprises applying to 
plants, or to the locus of plants, a thienopyrimidine derivative as defined in any of 
Claims 1 to 5. 



H. G. H. ALNER, 
Agent for the Applicants. 
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